To evaluate the effectiveness of a learner-centered, simulation-based training developed to help medical students improve their procedural skills in intubation, arterial line placement, lumbar puncture, and central line insertion.
Introduction
Third year medical students face a challenging task of shifting gears from a curriculum heavy in basic sciences to applying this vast amount of medical knowledge into caring for patients. However, 3 decades of research into expertise development demonstrates that mastery in content knowledge does not guarantee a successful application of this knowledge in the form of procedural skills. [1] [2] [3] Based on the recommendations by the Association of American Medical Colleges, every graduating medical student should be able to perform a number of basic procedures, such as venipuncture, intravenous catheter insertion, nasogastric tube insertion, and foley catheter insertion. 4 However, medical students have experienced difficulty in developing self-confidence as well as competency in procedural skills due to lack of opportunities to practice within a safe and supervised environment. 5, 6 Educational researchers indicate that individuals' performance in real-life settings depend on their domain knowledge that combines the knowledge of facts and concepts (content knowledge) and the knowledge of how to perform certain operations and procedures (procedural knowledge) in a specific domain such as medicine. [7] [8] [9] [10] [11] Therefore, an educational program must provide medical students with the necessary content knowledge and procedural skills to perform as expected in diverse clinical settings.
Use of simulation-based training shows improvements in learners' knowledge, skills, attitudes, and performance. [12] [13] [14] [15] Moreover, simulation-based training for medical education leads to effective learning as it provides "repetitive practice, ability to integrate into curriculum, ability to alter the degree of difficulty, ability to capture clinical variation, immediate feedback, and approximation of clinical practice." 16 Several studies indicate that medical students typically do not receive standardized hands-on training on advanced procedural skills [17] [18] [19] (our target population is no exception). Among these are intubation, arterial line placement, central line insertion, and lumbar puncture. 17 These are advanced and somewhat invasive procedures that can cause discomfort and/or complications for patients. In this study, we chose to provide second and third year medical students with a student-centered, simulation-based training on these advanced procedures.
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The literature suggests that residents can make a significant contribution to medical student education by providing handson learning opportunities and constructive feedback in a safe learning environment and by influencing students' subsequent career choice, professional growth, and clerkship performance. [20] [21] [22] In this study, anesthesiology residents provided training and debriefing and also served as the judges of medical students' procedural skills.
We hypothesized that providing simulation-based training would improve second and third year medical students' confidence, content knowledge, as well as their performance on intubation, arterial line placement, central line insertion, and lumbar puncture.
Methods
We designed the simulation training to include 4 procedural skills: intubation, arterial line placement, lumbar puncture, and central line insertion. A total of 8 anesthesiology residents provided the simulation training and served as the judges of the students' skills. Each resident received a detailed content outline with specific learning objectives and key teaching points for the procedures. Two train-the-trainer sessions were held for residents that included a standardized teaching for each procedure using simulation equipment. The residents also received instruction on how to use the assessment checklists and went through a calibration process to maximize the interrater consistency. The calibration process included residents evaluating each other using the checklists and comparing their scoring behavior and resolving any discrepancies.
Setting and participants
The University of Kansas Medical Center Institutional Review Board approved the study. The study participants were second and third year medical students at the University of Kansas School of Medicine-Wichita. This training was not part of the regular medical school curriculum, which currently consists of 2 phases. Phase I includes 12 learning modules where year 1 and year 2 medical students learn about core basic science disciplines as well as basic clinical skills (standardized patient encounters), preventive medicine, ethics, and behavioral sciences. Learning modules in this phase use problem-based learning where students engage in a clinical case pertinent to each module in a student-centered, small-group setting. During phase II, year 3 and year 4 medical students complete their required clerkships in core clinical areas and take additional clerkships and electives to help provide well-rounded clinical exposure.
Participation in this training was on voluntary basis. Time constraints limited this experience to 24 medical students. More students volunteered than we could accommodate, so an equal number of students from each year were randomly selected. For each procedural skill, a station was developed with the appropriate simulation model and other equipment necessary for each specific procedure.
Data sources/measurement tools
Pre/posttraining assessments of confidence, knowledge, and procedural skills were performed using a survey with a 5-point Likert scale, a 40-item multiple-choice test (same items were used in pre/posttest), and procedural checklists, respectively. In addition, we documented whether or not students had previously performed any of the procedures on a real patient and/or on a simulator/task trainer. Study participants filled out a postintervention satisfaction survey designed to measure the effectiveness of the simulation training from the student's perspective.
Finally, 2 open-ended responses documented the most valuable aspects of the training for students as well as their suggestions for improvement (Appendix 1 includes items from pre/postintervention self-confidence and postintervention satisfaction surveys).
A content outline, including goals and objectives for the simulation training, provided the blueprint for the multiplechoice test (see Appendix 2 for sample test items). This helped ensure content validity for the knowledge test. Items were developed by 4 experienced anesthesiologists to measure pertinent information for each of the procedures. The test was pilot tested with 5 anesthesiology residents for clarity, accuracy, and difficulty level. One of the intubation items and 2 of the lumbar puncture items were found to rely heavily on rote memorization and were replaced with more clinically applicable critical-thinking questions.
Before and immediately after the training, demonstration of actual skills was measured using procedural skills checklists (see Appendix 3 for the procedural skills checklists.) Checklists were comprehensive and included all pertinent critical steps for each of the procedures. There were a total of 25 tasks for intubation, 11 for arterial line placement, 15 for central line insertion, and 15 for lumbar puncture. The total number of completed tasks was calculated for each of the procedures for statistical analyses. Checklists were filled out by the anesthesiology residents supervising the simulated experience. Two residents observed each student performing the procedure at their station and independently filled out the checklists. The average ratings were used for statistical analyses.
Statistical analyses
In this study, medical students served as their own controls for statistical analyses. Comparisons between baseline and postintervention ratings of medical students regarding their confidence in performing the included procedures were made using Wilcoxon signed rank test. Paired-samples t tests were used to analyze whether or not there was a statistically significant improvement in students' knowledge and procedural skills over the baseline scores. G*Power was used to estimate 
Results
In total, 24 second and third year medical students (12 from each year) were trained in six 4-hour sessions. At the beginning of each session, one of the authors (S.T.) explained the study protocol and obtained medical students' consent for participation. Students spent on average 40 minutes on pre/postconfidence questionnaire and knowledge tests. A total of 3 hours were devoted to actual simulation-based training activities. Each student spent on average 40 minutes at each of the 4 stations: intubation, arterial line placement, lumbar puncture, and central line insertion. Baseline data for procedural skills were obtained while medical students tried performing each procedure before receiving any training from residents. There were 2 residents present at each station to train 1 medical student at a time. One resident explained the critical steps, whereas another demonstrated how to perform the procedure. Then, students were given, on average, 25 minutes to practice each procedure while they received feedback from residents. Each medical student rotated through all 4 stations. Posttest took place immediately after the training session.
As to prior experience, most students reported not having performed any of the procedures on a real patient. Only 3 students (12.5%) reported performing intubation, and 1 student (4.2%) reported performing central line insertion on a real patient (see Table 1 for students' self-reported prior experience). Although 17 students (70.8%) reported having a simulated experience in intubation and lumbar puncture, most did not have any exposure to arterial line placement or central line insertion.
Students' self-reported confidence scores
Medical students felt significantly more confident, after training, in performing all 4 procedures on a task trainer/simulator as well as on a real patient as indicated by Wilcoxon signed rank tests (P < .001) (see Tables 2 and 3 for mean, standard deviation, median, and Wilcoxon signed rank test results for pre and post self-confidence survey scores.
Knowledge scores
Participating in the simulation-based training helped medical students improve their knowledge scores immediately after training on all included procedures, although this improvement did not reach significance for lumbar puncture or central line insertion. Paired-samples t tests indicated statistically significant improvement in knowledge scores for intubation (premean = 5.50, SD = 1.22 vs post-mean = 6.58, SD = 1.14), t(23) = −2.92, P < .001, and arterial line placement (pre-mean = 5.71, 
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Procedural skills
Beyond improvement in students' self-reported confidence on performing the included procedures, we examined whether or not their actual hands-on performance also improved. Pairedsamples t tests indicated statistically significant improvement in procedural performance scores for all 4 procedures Table  5 for mean, standard deviation, and t-test results for pre-and postprocedural checklist scores). A high degree of agreement was found in the raters' pretest as well as posttest checklist scores for all procedures. The highest average ICC was found in pretest intubation scores, .928 with a 95% confidence interval from .834 to .969 (F 23,23 = 13.926, P < .001). The lowest average ICC, though still a high degree of agreement, was in posttest lumbar puncture scores, which was .757 with a 95% confidence interval from .437 to .895 (F 23,23 = 4.108, P = .001).
We also stratified medical students by year to examine whether or not there were differences on knowledge and procedural scores based on the year of medical school. We did not find any major difference in the pretest or posttest knowledge scores between year 2 and year 3 medical students (see Figure 1 ). Year 2 and year 3 students also received similar pretest and posttest checklist scores for all procedures (see Figure 2 ).
Overall medical student reaction to the simulationbased training
Most of the students (23 of 24) indicated that they were satisfied with the overall experience provided in the learner-centered, Toy et al 5 simulation-based training, and 1 student felt neutral regarding his or her overall satisfaction. The frequencies (percentages) of medical student responses to items included in the satisfaction survey are shown in Table 6 . Students felt that this learning environment was conducive to learning and they felt better prepared for clerkships, thanks to this training experience. Responses also indicated that students would recommend this training to other medical students.
In addition to reinforcing these findings, students' written feedback also highlighted the importance of learning from residents, receiving one-on-one attention and individualized feedback on their performance (see Appendix 4 for written feedback samples organized by common themes). Students also suggested that there should be more time given for practice as well as to have multiple training sessions over a period of time. Some students also felt that a formal didactic on the included procedures would help them learn more about the subject matter.
Discussion
Our results showed that medical students improved their selfconfidence, knowledge, and skills in the aforementioned procedures through the use of individualized instruction in a simulated environment. Written comments indicated that this training modality has been very well received by the students. This finding is in line with the literature on learner-centered educational modalities. Simply providing medical students with task trainers and expecting them to repeatedly practice clinical skills may not necessarily translate into competency. Deliberate practice focused on reaching a well-defined goal is needed for improving clinical skills. 23 Some have suggested that in the lack of clear performance guidelines, trainees may fail to assess their own skills accurately and to identify areas of improvement. 24 Residents in this study provided much needed feedback for performance improvement.
One major lesson learned was that focusing on as many as 4 procedures in 1 training session limited the time spent on debriefing at the end of the actual hands-on skills training. This resulted in a smaller increase in students' knowledge gain for some procedures. A current meta-analysis that examined the literature on the effects of teaching advanced airway management using simulation indicates similar results for other studies. 15 Moreover, as time is a major constraint for busy clinicians, this type of training may be hard to sustain as it requires extensive time commitment from students and instructors and is subject to scheduling conflicts. 25 Future studies exploring alternative educational modalities seem warranted given the need for learner-centered, simulation-based training for procedural skills.
In this study, we used the evaluation framework of Kirkpatrick 26 as a guide while evaluating the effectiveness of this training. This framework suggests that evaluation of training effectiveness should address the (1) participants' reaction to the training, (2) learning gain, (3) hands-on skill improvement, and (4) actual outcomes occurring as a result of the training. As demonstrated above, we addressed the first 3 steps of this framework. However, performance in simulated experience may not transfer to actual patient care. Future studies should try to measure the impact of simulation-based training on patient outcomes by using longitudinal research design. 
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A significant limitation of this study might be that it involved a relatively small group of students from a single institution. A multi-institutional study with a larger sample might produce further insights into learner-centered, simulation-based training for improving medical students' procedural skills. In addition, this study design relied on the same resident pairs to provide baseline and posttraining scores for medical students' procedural skills. This could introduce a scoring bias because these residents also served as instructors. Ideally, we would have liked to videotape each student's baseline and posttraining performance to have blinded raters provide the scores. However, there was 1 medical student at each of the 4 stations at any given time, which proved to be logistically challenging to capture each student's performance in a high-quality video providing a detailed view of all necessary angles for an accurate procedural skills assessment. Given the constraints, real-time skills assessment was the most robust option. 
